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Gentlemen: 
Th i s  r e p o r t  con ta ins  a l l  t h e  informat ion  obta ined  from t h e  ana log  
computer s tudy .  S ince  t h e  ana log  mechmiza t ion  of t h e  system has  been 
r epor t ed  i n  d e t a i l  i n  prev ious  r e p o r t s 9 ’ ,  it w i l l  n o t  be repea ted  here .  
The response of t h e  system t o  a s t e p  input  command s i g n a l  i s  presented  
i n  F i g s .  1-11 over  a n  ope ra t ing  range from 0.50 degree t o  3.00 degrees .  
A s  r e p o r t e d  previous ly2 ,  a meaningful a n a l y s i s  can be made of t h e s e  d a t a  
by examining t h e  i n d i c e s  of measure used f o r  l i n e a r  systems, namely, t h e  
de l ay  t i m e ,  r ise  time, s e t t l i n g  t i m e  and percent  overshoot .  These are  tabu-  
l a t e d  i n  F ig .  1 2 .  A s  noted be fo re ,  a s i g n i f i c a n t  change i n  t h e  dynamic 
behavior  occur s  between an inpu t  command of 1 .0  degree and 1.25 degrees .  
I n  o r d e r  t o  g e t  a b e t t e r  p i c t u r e  of what was occur r ing ,  tes ts  w e r e  se t  up  
and p r o v i s i o n s  made f o r  examining the  motion of t h e  meter ing  spool and 
a l s o  made f o r  monitor ing t h e  pressure d i f f e r e n t i a l  a c r o s s  t h e  a c t u a t o r  
p i s t o n .  
wi th  t i m e  r a t h e r  t han  r e l y  on the  ind ices  g iven  i n  F ig .  1 2  which whi le  
s u f f i c i e n t  f o r  a l i n e a r  system m u s t  be  used wi th  c a u t i o n  when a p p l i e d  t o  
a non l inea r  system. The dynamic behavior  of t h e  v a r i a b l e s  mentioned above 
i s  g iven  i n  F igs .  13 and 14. I t  i s  q u i t e  e v i d e n t  t h a t  t h e  system behavior  
i s  markedly d i f f e r e n t  f o r  t h e  two d i f f e r e n t  i npu t  commands even though t h e  
a b s o l u t e  change i n  inpu t  command from one t r a n s i e n t  cond i t ion  t o  t h e  o t h e r  
i s  small i n  comparison t o  t h e  t o t a l  range covered i n  t h e  tes ts .  I n  view 
of t h i s  s t r ange  phenomenon it was then thought  desirable t o  o b t a i n  a 
r eco rd  of t h e  dynamic behavior of t he  system v a r i a b l e s  over  t h e  e n t i r e  
o p e r a t i n g  range t o  a s c e r t a i n  whether t h i s  phenomenon was occurr ing  a t  a 
s i n g u l a r  p o i n t  o r  could b e  observed a t  o t h e r  p o i n t s  b u t  simply w a s  no t  
r e f l e c t e d  i n  t h e  l i n e a r  systems i n d i c e s  and t h e r e f o r e  overlooked. These 
data are presented  i n  F igs .  15-22 and show t h a t  one type  of behavior  i s  
i n  ev idence  below t h i s  s i n g u l a r  po in t  whi le  a second type  of  behavior  
m a n i f e s t s  i t s e l f  above t h i s  po in t .  A t t e m p t s  were made t o  determine i f  
p i s t o n  as  w e l l  a s  t h e  a c t u a t o r  p i s t o n .  I n  a d d i t i o n  p rov i s ion  was 
I t  w a s  cons idered  q u i t e  important t o  examine t h e  t r a n s i e n t  behavior  
t h e  changing of any s i n g l e  v a r i a b l e  w a s  p r e c i p i t a t i n g  t h i s  a c t i o n .  Changing 
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t t h e  g a i n s  of t h e  v a r i o u s  feedback ioops caused the pheiiuiiieiioii tc; s h i f t  
w i th  respect t o  t h e  magnitude of t h e  command s i g n a l  t h a t  w a s  necessa ry  
t o  i n i t i a t e  t h e  a c t i o n .  With s u f f i c i e n t  decrease i n  g a i n  i n  any one f e e d -  
back loop, t h e  ab rup t  change i n  behavior would diminish.  However, t h i s  
d i d  n o t  p inpo in t  any one cause as  v i r t u a l l y  t h e  same reduc t ion  w a s  observed 
independent of which feedback loop g a i n  w a s  a d j u s t e d .  
cluded t h a t  a combination of t h e  feedback s i g n a l s  coupled with t h e  non- 
l i n e a r i t i e s  g ive  rise t o  a th re sho ld  e f f e c t  no t  uncommon t o  non l inea r  
systems. I n  o t h e r  words i f  one cons ide r s  a boundary t o  e x i s t  between t h e  
two modes of behavior ,  a change i n  any one v a r i a b l e  o r  combination of 
v a r i a b l e s  may move t h e  system a c r o s s  t h e  boundary wi thou t  any one v a r i a b l e  
being t h e  s o l e  c o n t r o l l i n g  f a c t o r .  
I t  w a s  f i n a l l y  con- 
I n  l i g h t  of t h e  change of t h e  system behavior  d e t a i l e d  above, ano the r  
look a t  t h e  s i n u s o i d a l  response was deemed e s s e n t i a l  even though no unusual 
phenomena w e r e  e v i d e n t  i n  previous tests.2 I t  was f u r t h e r  thought d e s i r -  
a b l e  t o  o b t a i n  s t r i p  c h a r t  r eco rd ings  f o r  v i s u a l  a n a l y s i s  r a t h e r  t h a n  t h e  
s impler  t echn ique  (applicable a t  t h e  low f r e q u e n c i e s  under c o n s i d e r a t i o n )  
of u s ing  meter v a l u e s  t o  determine t h e  system ga ins .  The s t r i p  c h a r t  
r eco rd ings  would a l s o  a l low phase measurements t o  b e  made wi th  re la t ive 
ease .  The r eco rd ings  shown i n  Fig.  23 are t y p i c a l  of t h o s e  ob ta ined  i n  
t h e  tests. I n d i c a t e d  on t h e  recordings are t h e  c a l c u l a t i o n s  t h a t  had t o  
be made f o r  each datum p o i n t  as w e l l  a s  t h e  procedure f o r  o b t a i n i n g  t h e  
d e s i r e d  values of t h e  inpu t  and output  v a r i a b l e s .  The same t echn ique  of 
o b t a i n i n g  t h e  g a i n  and phase was used f o r  a l l  waveforms even i n  t h e  case 
of t h o s e  t r a n s i e n t s  where t h e  output  a l though  p e r i o d i c  w a s  d i s t o r t e d  due 
t o  system n o n l i n e a r i t i e s .  N o  a t tempt  w a s  made t o  e x t r a c t  harmonic information. 
The g a i n  and phase information f o r  s i n u s o i d a l  i npu t  s i g n a l s  running t h e  
range of 0.5 degree peak t o  peak t o  1 . 0  degree peak t o  peak are p resen ted  
i n  F i g s .  24-33. I t  i s  noted t h a t  a resonance c o n d i t i o n  e x i s t s  i n  t h e  neigh- 
borhood of t h r e e  t o  f o u r  c y c l e s  per second. A t  a command s i g n a l  of 0.8 
degree  peak t o  peak ,  t h e  g a i n  a s s o c i a t e d  wi th  t h i s  resonance c o n d i t i o n  i s  
s u f f i c i e n t  t o  cause t h e  response t o  f a l l  o u t s i d e  t h e  s p e c i f i e d  l i m i t s .  
The phase c h a r a c t e r i s t i c s  do n o t  show any s i g n i f i c a n t  change i n  t h e  neigh- 
borhood of f o u r  c y c l e s  per  second. 
I n  view of t h e  unusual behavior o f  t h e  system found i n  t h e  response 
t o  c e r t a i n  s i g n a l s  and f o r  c e r t a i n  magnitudes it i s  h i g h l y  d e s i r a b l e  t h a t  
t h e s e  d a t a  be c o r r e l a t e d  wi th  any experimental  information t h a t  might be 
a v a i l a b l e .  I n  t h e  judgment of t h e  i n v e s t i g a t o r s ,  it i s  h i g h l y  u n f e a s i b l e  
t o  i n c r e a s e  t h e  s o p h i s t i c a t i o n  of t h e  model without  any c o l l a b o r a t i o n  from 
expe r imen ta l  d a t a  as t o  t h e  s u f f i c i e n c y  and accuracy of t h e  p r e s e n t  model. 
Work has  t h e r e f o r e  s t a r t e d  on t h e  i n v e s t i g a t i o n  of t h e  d e t r i m e n t a l  p re s su re  
p u l s e s  as o u t l i n e d  i n  a p rev ious  r epor t2 .  
R e s p e c t f u l l y  submit ted,  
Dennis N. Osteen 
P r o j e c t  D i r e c t o r  
DNO/ml j 
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Fig .  1 2 .  System I n d i c e s  for  S tep  Funct ion  Inpu t  Command S igna l .  
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